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Why Mars?
• There is scientific evidence that Mars was 

once a warm and wet planet like Earth 
and, therefore, it might have had the 
conditions necessary for the origin of life.

• If we find evidence of life on Mars, past 
or present, it would be an important step 
in answering the question of whether we 
are alone in the universe.

• Mars is the most habitable of the planets 
and therefore the most adequate for its 
colonization.

Eberswalde Delta

Credits: NASA/JPL/MSSS



Scientists estimate that 4300 billions years ago, Mars had 
enough liquid water to cover 19% of its surface!

Credits: NASA/GSFC
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Viking I & II (1976)Viking I & II (1976)
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Viking (1976)



Viking Biological Instruments
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Viking I 
Chryse Planitia
20 de Julio, 1976
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Viking I and Big Joe
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Labeled Release Experiment: The Results
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Labeled Release Experiment: No Life!!





R.I.P.
Mars Exploration

1964-1976



Credit: National Air and Space Museum



Credit: NASA/Orlando Figueroa
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Mars Pathfinder (1997)
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Petals & SA 
Opened: L+90 min

Lander Separation: E+ 325 s, L – 95 s

Heatshield Separation: E+ 315 s, L – 105s

Parachute Deployment: E+ 295 s, 11.8 km, 430 m/s (1500 km/hr)

Cruise Stage Separation: E- 15m

Deflation: L+20 min

Airbags Retracted:
L+74 min 

Airbag Inflation:  355 m, L - 6.5 s

Bridle Cut: L- 3 s,  0 m/s, 12 m

Rocket Firing:  L- 6 s, ~110 m, 70 m/s (250 km/hr)  

L = Landing: ~E+420 s
Roll-Stop:L+2 min

Entry Turn & HRS Freon Venting: E- 90m

Entry: E- 0 s, 125 km, 5.7 km/s (20,000 km/hr)

Bridle Deployed: E+ 335 s, L – 85 s
Radar Ground Acquisition: L - 30 s, 2.4 km, 75 m/s (270 km/hr)

Bounces

Entry, Descent & Landing Timeline
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Mars Pathfinder/Sojourner Rover (1997) 



4 de Julio, 1997
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Mars Pathfinder/Sojourner Rover 



Sojourner Rover y Yogi 





Mars Climate Orbiter  Mars Polar Lander

September 23, 1999
December 23, 1999FA

ILE
D



24

Spirit/Opportunity Rovers (2004) 
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Wind Induced Horizontal Velocity

Vh(tbc) = Vh(tRAD) + ∫ FRAD/m * sin(b) dt

RAD Induced Horizontal VelocityInitial Horizontal Velocity

b

Vh

Bridle Line
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TIRS Control

Bridle Cut

DV

DV

RAD Ignition
IMU
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Descent Image Motion Estimation System (DIMES)

DIMES SCENARIO 

1st image 

2000m 

1700m 

1400m 

Altitude 

2nd image 

3rd image 

First Pair Tracking Second Pair Tracking 

MER-A/Spirit, Gusev Crater, January 4th, 2004 

DIMES RESULT 

DIMES camera 
and radar altimeter 

Inertial Measurement Unit 
inside lander 



Spirit First Panorama
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Opportunity in Aguila Crater 
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2012 
Curiosity 

Rover

2011 
Electric Mini 

Cooper
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15 kg
175 kg

900 kg

Mars 
Pathfinder

1997

Mars 
Exploration 

Rovers
2004

Mars 
Science  

Laboratory
2012
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MSL/Curiosity Landing Ellipse in Gale Crater

Gale Crater
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Entry
~4 minutes

Parachute Descent
~2 minutes

Powered Descent

Landing
~1 minute

20,000 km/h  (E = 100%)
125 km 

1,500 km/h (E = 1%)
10 km

300 km/h (E = 0.02%)
1.8 km   

Touchdown

3 km/h (E = 2 10-6%)

The 7 Minutes of Terror

Entry, Descent, and Landing Phases
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Entry
~4 minutes

Parachute Descent
~2 minutes

Powered Descent

Landing
~1 minute

20,000 km/h  (E = 100%)
125 km 

1,500 km/h (E = 1%)
10 km

300 km/h (E = 0.02%)
1.8 km   

Touchdown

3 km/h (E = 2 10-6%)

The 7 Minutes of Terror

Entry, Descent, and Landing Phases
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MSL Aeroshell
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Mars Science LaboratoryEDL Team
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Mars Science LaboratoryEDL Team

41

Flight PICA Heatshield at LMA
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DRAG

LIFT

DRAG

Wind Velocity Wind Velocity

Ballistic Entry
(Pathfinder/MER/Phoenix)

Lifting Entry
(Viking, Curiosity)

Bank 
Angle

Angle 
of Attack

Ballistic vs. Lifting Entry
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x
2.2 km 
actual
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Entry, Descent, and Landing Phases

Entry
~4 minutes

Parachute Descent
~2 minutes

Powered Descent

Landing
~1 minute

20,000 km/h  (E = 100%)
125 km 

1,500 km/h (E = 1%)
10 km

300 km/h (E = 0.02%)
1.8 km   

Touchdown

3 km/h (E = 2 10-6%)



45

World’s Largest Supersonic Parachute
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World’s Largest Supersonic Parachute
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World’s Largest Supersonic Parachute
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Entry, Descent, and Landing Phases

Entry
~4 minutes

Parachute Descent
~2 minutes

Powered Descent
~1 minute

Landing

20,000 km/h  (E = 100%)
125 km 

1,500 km/h (E = 1%)
10 km

300 km/h (E = 0.02%)
1.8 km   

3 km/h (E = 2 10-6%)
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Airbags Legs

Pallet

How to land a 1 ton rover?
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2003: The Skycrane maneuver is born  
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Continued Control Through Touchdown



53

History of Mars Touchdown Velocities
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2.4  m/sec 

0.75 m/sec 

1.4  m/sec 

0.5  m/sec 

Parachute + Airbag  

MPF: Parachute +  Airbag + RAD Rockets 

MER: MPF + TIRS/DIMES 

Viking/Phoenix Legged Lander 

MSL SkyCrane 
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Full Motion Test
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Touchdown Tests
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Curiosity 
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NASA Dryden Flight 
Research Center  F/A-18

Eurocopter AS350 AStar Helicopter

China Lake Echo Towers

Radar Field Tests
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DTM Rover Touchdown Testing
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Credits: NASA-JPL-CALTECH/MSSS

Curiosity: Whale Rock
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Monte Sharp


